Long-term effects of enriched environment following neonatal hypoxia-ischemia on behavior, BDNF and synaptophysin levels in rat hippocampus: Effect of combined treatment with G-CSF.
Increasing evidence shows that exposure to an enriched environment (EE) is neuroprotective in adult and neonatal animal models of brain ischemia. However, the mechanisms underlying this effect remain unclear. The aim of the current study was to investigate whether post-weaning EE would be effective in preventing functional deficits and brain damage by affecting markers of synaptic plasticity in a neonatal rat model of hypoxia-ischemia (HI). We also examined the possibility that granulocyte-colony stimulating factor (G-CSF), a growth factor with known neuroprotective effects in a variety of experimental brain injury models, combined with EE stimulation could enhance the potential beneficial effect of EE. Seven-day-old Wistar rats of either sex were subjected to permanent ligation of the left common carotid artery followed by 60min of hypoxia (8% O2) and immediately after weaning (postnatal day 21) were housed in enriched conditions for 4weeks. A group of enriched-housed rats had been treated with G-CSF immediately after HI for 5 consecutive days (50μg/kg/day). Behavioral examination took place approximately at three months of age and included assessments of learning and memory (Morris water maze) as well as motor coordination (Rota-Rod). Infarct size and hippocampal area were estimated following behavioral assessment. Synaptic plasticity was evaluated based on BDNF and synaptophysin expression in the dorsal hippocampus. EE resulted in recovery of post-HI motor deficits and partial improvement of memory impairments which was not accompanied by reduced brain damage. Increased synaptophysin expression was observed in the contralateral to carotid ligation hemisphere. Hypoxia-ischemia alone or followed by enriched conditions did not affect BDNF expression which was increased only in enriched-housed normal rats. The combined therapy of G-CSF and EE further enhanced cognitive function compared to EE provided as monotherapy and prevented HI-induced brain damage by altering synaptic plasticity as reflected by increased synaptophysin expression. The above findings demonstrate that combination of neuroprotective treatments may result in increased protection and it might be a more effective strategy for the treatment of neonatal hypoxic-ischemic brain injury.